Optic Neuritis; Ophthalmic venous flow; Optic Nerve atrophy; Doppler ultrasound imaging Summary Background: Optic Neuritis (ONe) is common in Multiple Sclerosis (MS). The aim of this study was to evaluate the Optic Nerve (ONr) and its vascularisation in MS patients with and without previous ONe and in Healthy Controls (HC). Methods: We performed high-resolution echo-color ultrasound examination in 50 subjects (29 MS patients and 21 HC). By a suprabulbar approach we measured the ONr diameter at 3 mm from the retinal plane and at another unfixed point. We assessed the flow velocities of Ophthalmic Artery (OA), Central Retinal Artery (CRA) and Central Retinal Vein (CRV) measuring the Peak Systolic Velocity (PSV) and the End Diastolic Velocity (EDV) for the arteries and the Maximal Velocity (MaxV), Minimal Velocity (MinV) and mean Velocity (mV) for the veins. The Pulsatility Index (PI) and the Resistive Index (RI) were also calculated. Results: No significant variation for OA supply was found as well as no significant variation for CRA supply, while significant higher PI in the CRV of non-ONe MS eyes vs. both HC and ONe MS eyes was measured. We found that ONr diameter was decreased significantly from HC to non-ONe MS eyes and ONe MS eyes. Conclusions: Ultrasound examination of ONr and its vascularisation is feasible and can demonstrate ON atrophy. The increase of CRV PI in unaffected eyes of MS patients is intriguing and seems not associated to ONr atrophy. Larger studies are needed to confirm these results.
Introduction
Optic Neuritis (ONe) is a common feature of Multiple Sclerosis (MS) both in the early phase and during the disease course [1] .
MS and ONe are due to demyelination [2] , but it has been postulated that vascular mechanisms may have a role in MS and ONe pathogenesis [3] [4] [5] [6] .
According to a recent hypothesis, cerebrospinal venous system alterations may contribute to the development of the disease and may drive its clinical course [7, 8] . As a matter of fact, a correlation between the hemodynamic pattern of Chronic Cerebrospinal Venous Insufficiency (CCSVI) and the clinical features in patients with MS has been described [9] . In particular, ONe at onset seems to be associated with Internal Jugular Veins (IJV) and/or of proximal Azygous Vein (AV) high grade stenosis, with consequent reflux in the deep cerebral veins. The blood then flows to the pterygoid plexus, and from there to the facial veins via the deep facial vein, to the cavernous sinus and to the ophthalmic veins.
While changes in the hemodynamics of the eye's arterial system, detected by Doppler ultrasound sonography, have been previously described in MS patients with both acute and chronic ONe [10] [11] [12] [13] , the venous flow has not been studied yet, as far as we know.
Taking into account the peculiar environment of the arterial-venous system supplying and draining the Optic Nerve, we have considered it as a representative site for studying the relationship between veins and nervous parenchyma. For this purpose we investigated if any blood flow alteration, possibly contributing to MS disease process, could be recorded.
Aim of the study was to evaluate the vascularisation of the Optic Nerve (ONr) by means of color Doppler ultrasonography in MS patients with and without previous ONe. Furthermore, the possibility to measure the ONr thickness by ultrasound sonography was assessed. We compared Optic Nerve anatomical and vascular features of MS patients with those of age-and gender-matched Healthy Controls (HC).
Methods
With a high-resolution echo-color duplex ultrasound equipment we studied the ONr and its vascularisation [i.e. Ophthalmic Artery (OA), Central Retinal Artery (CRA), Central Retinal Vein (CRV)] in 29 Relapsing-Remitting (RR) clinically definite MS patients [14] and 21 age-and gendermatched HC, volunteers. Table 1 shows the characteristics of the subjects studied. Seventeen MS patients have had an ONe at least one year before examination (5 have had a right ONe, 7 a left ONe and five a bilateral ONe) while 12 MS patients have not suffered from ONe. All MS patients underwent a Visual Evoked Potentials Examination to confirm the ONe diagnosis.
By means of a Toshiba Aplio XG, equipped with a linear probe (PLT-1204AX: 7.2-14 MHz), we insonated the ONe ( Fig. 1 ) and measured the diameter of ONr, with and without the meningeal sheaths, at two distances, the first at 3 mm from the retinal plane ( Fig. S1 , online supplementary file) and the second at an unfixed point where the nerve structures were best recognised (maximum diameter), through the usual suprabulbar approach (Fig. 2) . We detected the OA ( Overall, we examined and compared 42 eyes of HC with 36 unaffected and 22 affected eyes of RR MS patients.
The study was approved by the local Ethics Committee. Written informed consent was obtained from all patients and HC. The data were analysed by SPSS 17.0. Demographic data were compared by independent samples t-test and chi square test, as appropriate. Data are reported as mean with standard deviation (SD) and as median and range interquartile (RIQ), when appropriate. Comparisons of the other variables were performed with the analysis of variance (ANOVA) complemented with the pairwise comparison vs. HC according to Dunnett. Statistical significance was set at p < 0.05.
Results
All the results are shown in Table 2 . For the OA and the CRA we found no difference for all variables. For the CRV no detectable variation in velocities was found, while there was a significant difference in PI, that is greater in MS patients' eyes not affected by ONe vs. both HC and MS patients' eyes affected by ONe. ONr diameter measurement at 3 mm shows no difference between the three groups, while maximum ONr diameter is significantly smaller in MS patients' both affected and unaffected eyes, compared to HC.
Discussion and conclusions
As far as the arterio-venous ophthalmic system is concerned, our data did not show any arterial abnormality or any major venous flow alteration (i.e. absence, blocked or reversed flow). Recently, in MS patients with CCSVI, an association has been reported between ONe and Internal Jugular Vein (IJV) and Azygous Vein stenoses, with reflux in the deep cerebral veins. These findings suggest that the veins of the ONr might be involved in a compensatory outflow circle towards the IJV.
In our sample of MS patients we did not observe any alteration, in the ONr venous flow that supports this hypothesis. The increased CRV PI in MS patients' unaffected eyes is intriguing and seems not associated to ONr atrophy. This could suggest a venous drainage impairment, but at present we cannot confirm this hypothesis and larger studies are needed to confirm it.
The analysis of the diameter of the ONrs showed that it is possible to detect ONr atrophy in affected eyes and, at a lesser degree, also in unaffected eyes of MS patients. Maximum ONr diameter measurement seems to be more reliable than 3 mm measurement, probably because of the progressive ONr myelination.
In conclusion, ultrasound examination of ONr and its vascularisation is an easy, feasible, safe and low cost procedure and the measurement of ONr thickness can detect ONr atrophy.
